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SUMMARY 


A wind tunnel model of a supersonic V/STOL fighter configura- 
tion has been conceptually designed to measure the aerodynamic 
interaction effects which can result from geometrically close- 
coupled propulsion system/airfrarae consonants. The approach is 
to configure the model for tests representing two different test 
techniques. One is the conventional test technique, where 
absolute configuration aerodynamics (including inlet/ air fraune 
interactions) are measured in a flow-through mode, and incremen- 
tal nozzle/airfraune interactions are measured in a jet-effects 
mode. The other is a propulsion simulator technique, where a 
sub-scale, externally powered engine is mounted in the model, 
thus allowing measurement of inlet/airframe and nozzle/airframe 
interactions simultaneously. 

Comparison of the aerodynamic characteristics between the 
two test techniques is a direct indication of the extent to which 
inlet 2 uid nozzle flowfields are coupled together. If significant 
coupling does exist, then the simulator test technique may be 
required in the future to properly measure the aerodynamic charac- 
teristics of contact fighter configurations. 

Measurement of these propulsion/airf rame interaction effects 
is being carried out in a three phase progrcun, sponsored by the 
NASA Ames Research Center, involving preliminary model design, 
detailed model design and fabrication, and high speed (up to Mach 
1.4) testing. In Phase 1, the preliminary design of the wind 
tunnel model has been completed. 

The aerodynamic configuration is a canard/wing concept 
designed for high transonic maneuverability, en^jloying non-axisym- 
metric, vectorable exhaust nozzles located near the wing trailing 
edge. The external airfreune components are existing hardware 
from an Air Force sponsored nozzle research program now in 
progress. 
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The model has been ex-tansively re-designed internally to 
meet NASA objectives, and a new strut support system has been 
designed. The model is designed for testing in the flow-through, 
jet-effects, and simulator modes under the philosphy to maximize 
hardware commonality. The metric arrangement in all modes is 
identical, wherein a single internal balance is used to measure 
all external aerodynamic forces except on the nozzle boattail. 
External pressures are used to measure the boattail aerodynamics. 
The commonality feature extends to all three metric break loca- 
tions and seal bridging mechanisms. The purpose of commonality 
is to eliminate bias error sources between modes, so that con^ari- 
son of aerodynamic data will represent inlet/nozzle coupling 
effects, not differences due to test technique. The metric 
arrangement is considered a relatively low risk approach, since 
only configuration external aerodynamics are measured by the 
balance (i.e., thrust is. not measured), and the metric break seal 
arrangements are based on extensive recent experience at MCAIR. 

Considerable effort was also expended to design the model 
inlet systems for compatibility with the simulator up to 25* 
angle of attack at high speed, and 90* angle of attack at low 
speed. An active thermal control system was also designed for 
the internal balance, so that errors would not be introduced by 
the wide range of flow temperatures used to power the simulator. 

The model preliminary design is a product of extensive de- 
sign and analysis by MCAIR propulsion and model design engineers. 
It was designed recognizing the main model purpose is for measure- 
ment of interaction effects with two uniquely different test 
techniques. Every effort was made in the design to ensure that 
any differences in the aerodynamics between test techniques is an 
effect of propulsion/airf rame coupling, not test technique bias. 
This is not meant to infer that the model is sinple, since this 
progreun represents the first time that two propulsion simulators 
of this type will be tested in a realistic wind tunnel model. We 
believe that this conceptual design provides an excellent basis 
for- the detailed model design and fabrication in Phase 2, and 
eventual successful testing in Phase 3 . 
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1.0 INTRODUCTION 


Many of the configurations proposed for advanced supersonic 
V/STOL aircraft are very conqpact in nature. This results primar- 
ily from the design goal to minimize control forces and forward 
lift engine size by concentrating the major con5>onents of the air- 
craft near the center of gravity. Integration of the propulsion 
system with the airframe for these configurations can result in 
potentially significant aerodynamic flowfield interactions. 
These interactions may arise from geometrically close-coupled 
wing/canard/ inlet arrang^ents along with minimum length nacelles 
and supercirculation induced by vectoring exhaust nozzles. 

The data obtained with conventional wind tunnel test tech- 
niques can be questionable in the presence of large flowfield 
interactions, since these techniques cannot achieve simultaneous 
simulation of all of the flowfields involved. This can be 
achieved with the Con^ct Multi-Mission Aircraft Propulsion 
Simulator (CMAPS), developed by the Air Force Aeropropulsion 
Laboratory (APAPL), Reference 1. The CMAPS, Figure 1-1, is a 
miniature low bypass ratio turbofan engine powered by a high 
pressure air turbine. 

The most beneficial application of the CMAPS will obviously 
be on those aircraft that have potentially large flowfield inter- 
actions between the inlet, nozzle, and airframe. Since testing a 
CMAPS equipped model may be more con^lex and expensive than test- 
ing a conventional model (flow-through and jet-effects), the need 
to identify the types of configurations which require CMAPS 
evaluation is critical. An aerodynamical ly "close-coupled" 
V/STOL configuration represents em effective means of evaluating 
the requirement for simultaneous inlet and exhaust nozzle flow 
simulation, and thus the potential need for the CMAPS testing 
technique . 
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FIGURE 1-1 0Pl34M9 4t 

COMPACT MULTIMiSSION AIRCRAFT PROPULSION 
SIMULATOR (CMAPS) 



Based on the foregoing considerations, a three phase NASA 
program of 29 months planned duration has been initiated to 
measure airfrarae/propulsion system interactions on close-coupled 
supersonic V/STOL configurations using the propulsion simulator 
and conventional model techniques. A secondary objective is to 
begin development of installation and test techniques for propul- 
sion simulator equipped wind tunnel models. 

The approach to accomplish these objectives is to design, 
fabricate, eund test two model configurations characterized by a 
close-coupled and a closer coupled airframe/propulsion arrange- 
ment - each in simulator and conventional test modes. Key charac- 
teristics of the test configurations are shown in Figure 1-2. 
The basic model (close-coupled) of the baseline configuration 
(i.e. external airframe con^jonents) will be provided by the Air 
Force. It was developed under prime contract to the Air Force 
Wright Aeronautical Laboratories (AFWAL) by MCAIR in the Advanced 
Nozzle Concepts (ANC) program. Reference 2. The very close- 
coupled model is a modification of the basic configuration with 
shortened inlet length (canard removed). 

Preliminary (conceptual) design of the test model was com- 
pleted in Phase 1 during the first seven months of the program. 
The essential products of Phase 1 are the design layouts of the 
model in the different test modes, and the supporting analyses. 
The layouts have been transmitted per Reference (3). The support- 
ing cuialyses and other necessary docimientation are the subject of 
this report. 

The remainder of the report includes description of the 
aircraft test configurations; overall testing approach; model 
common components; test mode concepts; instrumentation; and error 
analysis. 



4 


FIGURE 1-2 

STUDY AERODYNAMIC CONCEPTS 


2.0 AERODYNAMIC CONFIGURATION DESCRIPTION 


The baseline aerodynamic configuration for the study was 
selected in proposal studies (Reference 4) to be consistent with 
several NASA program requir^nents, as follows: 

(1) Twin engine propulsion system with non-axisymmetric and 
deflectable exhaust nozzles. 

(2) Aerodynamic configuration and propulsion system inte- 
grated to maximize supercirculation lift induced by 
thrust vectoring. 

(3) Configurations with high probability of demonstrating 
aerodynamic coupling of inlet and exhaust nozzle flow- 
fields, including a baseline close-coupled configura- 
tion and one even more close-coupled in nature. 

(4) Realistic design of a supersonic V/STOL fighter/attack 
aircraft utilizing a wing/ canard configuration. 

In addition, other desirable requirements included engine cycle 
compatibility with the CMAPS and commonality with other programs 
to minimize cost. 

The aerodynamic concept selection involved (1) choosing an 
aerodynamic concept to meet the configuration requirements above 
(Items 1, 2 and 3) and (2) conducting sizing studies of various 
propulsion systems in the aerodynamic concept to assess the 
realism for meeting V/STOL fighter/ attack requirements (Item (4) 
above), concluding in selection of a specific V/STOL system for 
test simulation. 

2 . 1 AERODYNAMIC CONCEPT DESCRIPTION - The aerodynamic baseline 
configuration selected for the study was derived from a concept 
developed for the Air Force sponsored ANC program. Reference 2. 
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The selected configuration. Figure 2-1, is characterized by 
wide-spaced, podded nacelles, a canard/wing arrangement, twin vec- 
torable 2-D nozzles at the wing trailing edge, and close-coupled 
airframe (canard/wing) and propulsion system (inlet/ nozzle) 
con^onents. The nozzle concept is a General Electric Aerodynamic 
Load Balanced Exhaust Nozzle (AL3EN), with fully continuous 
vectoring capability up to +30*. 

A major design objective for this aerodynamic concept was to 
provide a combination of the movable canard and vectorable 
nozzles to achieve maneuvering drag reductions. This was accomr 
plished by tailoring the canard/wing arrangement to achieve a 
maximum unstable static margin of 15 %3 at subsonic speeds. With 
this relaxed stability level, the vehicle pitching moment charac- 
teristics are such that a nose-up moment is produced with the 
canard deflection for minimum maneuvering drag. Positive nozzle 
deflection (nozzle deflected downward) is then used for trim, 
producing a beneficial lift/ drag increment from supercirculation. 
The estimated thrust vectoring payoff in drag is illustrated by 
comparing trimmed polar estimates with and without vectoring. 
Figure 2-2. At a typical maneuvering lift coefficient of 0.8, 
the drag reduction is about 100 counts, or 10% of aircraft drag 
(thrust loss due to vectoring included) . 

Maximizing the degree of coupling between the airframe and 
propulsion system con^jonents was a strong consideration in selec- 
tion of the baseline configuration for the program. Of course, 
it is possible to only qualitatively assess the level of cou- 
pling, since the wind tunnel data are yet to be obtained. There 
is little question that the inlet/ canard interactions will be 
significant, since the canard is located at the side of the 
inlet. Similarly, the nozzle/wing interactions should be maxi- 
mized due to the location of the vectoring nozzle at the wing 
trailing edge. 
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FIGURE 2-1 

STUDY BASELINE AERODYNAMIC CONFIGURATION 





FIGURE 2-2 

EFFECT OF THRUST VECTORING ON TRIMMED POLAR 
ANC Estimate Air-to-Air Vehicle 15% Unstable 
Mach 0.9 Max A/B (Ct = 0.14) 






The level of geometric coupling fore to aft is dictated by 
the nacelle length. In the baseline configuration, the nacelle 
length was established by the size requirements of the close- 
coupled canard and wing. The related length of the inlet duct is 
equivalent to approximately four engine face diameters. The 
resulting nacelle length is 54% of the overall aircraft length. 
Comparing to the P-15, which is generally regarded as a "far- 
coupled" installation, the inlet duct length is about seven 
engine face diameters, auid the nacelle length is approximately 
65% of overall aircraft length. Since both the study baseline 
configuration and the F-15 are nearly equal in overall length, 
the nacelle of the close-coupled baseline is about 20% shorter 
than the P-15. 

To achieve a more closely coupled configuration, the inlet 
duct was shortened to about one engine face diameter in length. 
This ultra close-coupled configuration is shown in Figure 2-3. 
The nacelle length is about 30% shorter than the baseline. 
Considering propulsion system requirements alone, the decreased 
duct length is practical since the duct is straight. The only 
other chauige to achieve the modified configuration is to remove 
the canard. The shorter nacelle length precludes a nacelle- 
mounted canard, unless the wings are changed. 

Testing of both the selected baseline and modified configura- 
tions should provide an excellent approach for achieving the high 
level of propulsion/airframe coupling considered necessary to 
fulfill program objectives. 

2.2 SIMULATED V/STOL CONFIGURATION - The viability of the sel- 
ected baseline aerodynamic configuration as a supersonic V/STOL 
fighter was assessed in proposal studies through sizing analyses 
on a deck launched intercept (DLI) mission. Three different 
V/STOL propulsion systems were evaluated as candidates. One was 
selected as a study baseline to allow development of the aero- 
dynamic performance at inlet/nozzle flow conditions which are 
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FIGURE 2 3 

STUDY ULTRA CLOSE-COUPLED (MODIFIED) CONFIGURATION 




consistent with a representative V/STOL system. Selection 
criteria were twofold; (1) compatibility of the required model 
scale for the V/STOL candidate with model hardware available from 
the ANC program, and (2) capability of the CMAPS to match the 
operating characteristics of the candidate lift/ cruise engine. 


Baaed on the sizing studies and other noted considerations, 
a lift plus turbofan lift/cruise configuration. Figure 2-4, was 
selected as the study V/STOL concept for teat simulation. The 
scale of a CMAPS-equipped wind tunnel model of this V/STOL config- 
uration would be set by matching the maximum airflow of the CMAPS 
to the maximtsn engine airflow (normally the sea level static 
condition) , Specifically, the model scale factor is determined 
as follows: 


Scale Factor 


Max CMAPS Compressor Corrected Airflow 


Application of this relationship to the turbofan lift/cruise con- 
cept results in a model scale of 9,62%, 


A comparison of the key geometric parameters of the scaled 
V/STOL configuration with the existing ANC model is provided in 
Figure 2-5. The model airframe parameters (i.e. wing, canard, 
fuselage, nacelle) are somewhat larger than would be required for 
the properly scaled V/STOL concept, as is the inlet capture area. 
The nozzle throat areas are essentially correct. It is planned 
to modify the ANC model inlet for the NASA program to reduce the 
capture area to the properly scaled value (5.46 in^). 

An external geometry comparison of the modified (smaller 
inlet area) model and the lift + lift/ cruise V/STOL configura- 
tion at 9.62% scale. Figure 2-6, shows that the ANC model is an 
excellent representation of the V/STOL concept. The propulsion 
system components are properly scaled in the model, as well as 
the relative location of the canard/ inlet and wing/ nozzle. 
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SUPERSONIC V/STOL 
L-)- L/C TURBOFAN 
AT 9.62% SCALE 

ANC 

AIR-TO-AIR 

MODEL 

OVERALL FUSELAGE LENGTH 

5.63 FT 

5.88 FT 

NACELLE LENGTH 

2.59 FT 

2,83 FT 

WING SPAN 

3.81 FT 

4.28 FT 

VViNG AREA 

4.1S FT* 

5.22 FT2 

CANARD AREA 

0.79 FT2 

1.02 FT2 

INLET CAPTURE AREA 

5.27 IN.2 

5.67 IN.2* 

NACELLE MAXIMUM AREA 

16.7 IN.2 

18 IN.2 

NOZZLE THROAT AREA (DRY) 

2.89 IN.2 

2.83 IN.2 

NOZZLE THROAT AREA (A/B) 

5.08 IN.2 

5.15 IN.2 


'Modified to 5.46 in.^ for NASA Program 


FIGURE 2-5 

COMPARISON OF KEY GEOMETRIC PARAMETERS FOR SUPERSONIC 
V/STOL SYSTEM AND ANC MODEL 
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FIGURE 2-6 

EXTERNAL GEOMETRY COMPARISON BETWEEN ANC MODEL 
AND 9.62% V/STOL CONCEPT 
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3.0 OVERALL TESTING APPROACH 


The overall resting approach and associated data require- 
ments were established early in the program to ensure a proper 
groundwork for fulfilling the major program objective. Basic- 
ally, the major objective is to measure propulsion/airfrarae 
interactions using the propulsion simulator and conventional 
model techniques. 

3.1 BASIC DATA REQUIREMENTS — The basic data requirements are 
set by the need to measure the inlet/airframe and nozzle/air frame 
interactions, and to assess the extent to which these inter- 
actions are coupled together. Here, the terra basic data require- 
ments refers to the "end product" data by which the interactions 
are quantified. If inlet/ nozzle flow coupling exists, the inlet/ 
airframe interactions measured by the conventional flow-through 
model with a "constant nozzle condition" will not agree with the 
interactions measured with the simulator and a "variable nozzle 
condition." Likewise, the nozzle/airfrcune interactions measured 
by the conventional jet-effects model with a "constant inlet 
condition" will not agree with the interactions measured with the 
simulator auid a "variable inlet condition." The basic data 
requirements for the two test techniques, in terras of total 
vehicle aerodynamic coefficients, are therefore as illustrated in 
Figure 3-1. If the level of disagreement between conventional 
and simulator equipped models (left and right hand sides of 
Figure 3-1) is significant, simulator testing may be required. 

Utilizing the basic set of data (Figure 3-1), the two types 
of testing can be compared either in terms of propul sion/air frame 
interactions or overall aerodynamic performance. The inter- 
action conparisons are between either of the conventional modes 
and the simulator mode, and are quantified as illustrated in 
Figure 3-2. 
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Rtprestnts MFR/canard 
interaaions. iniet/nozzle 
coupling effects not 
measured. 

CONVENTIONAL FLOW-THROUGH MODE 
(CONSTANT NOZZLE CONDITIONS) 



Represents NPR/5y /power 
setting interactions, inlet/ 
nozzle coupling effects 
measured. 


SIMULATOR MODE 
(VARIABLE NOZZLE CONDITIONS) 



Represenu NPR/Sy/power 
setting interactions, inlet/ 
nozzle coupling effects 
not measured. 


NOZZLE/ AiRFRAME tNTERACTtONS 


Represents MFR/canard 
interactions, inlet/nozzie 
coupling effect measured. 



tNLET/AIRFRAME INTERACTIONS 



CONVENTIONAL JET-EFFECTS MODE 
(CONSTANT INLET CONDITIONS) 



SIMULATOR MODE 
(VARIABLE INLET CONDITIONS) 



aei34eas-s3 


FIGURE 3.1 

BASIC DATA REQUIREMENTS FOR MEASUREMENT OF 
PROPULSION/AIRFRAME INTERACTIONS 
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INLET/AIRFMME INTERACTIONS 
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FIGURE 3-2 

COMPARISON OF PROPULSION/AIRFRAME INTERACTIONS 




The full in 5 >act. of any differences in the interactions is 
probably most visible from overall aerodynamic performance 
comparisons. This involves combining the flow-through and 
jet-effects data, using appropriate inlet and nozzle "reference 
conditions”, for con^jarison to the simulator data. Here, compar- 
ison of trimmed drag polars is of most interest, as illustrated 
in Figure 3-3. 

It should be noted that all test mode data comparisons are 
not expected to take the relatively single form illustrated in 
Figures 3-1 through 3-3. Other con^jarisons will also be of 
Interest, such as those between vectoring induced lift, drag, and 
moment increments, external pressure distributions, and pitching 
monent characteristics. In the foregoing discussion, the funda- 
mental approach for con 5 >arisons was presented; the actual data 
elements will be dictated by the observed data levels and trends. 

3.2 OVERALL MODEL CONCEPT - Valid and meaningful measurement amd 
comparison of the interactions and overall performance implies at 
least two major requirements for the model approach: (1) test 

technique biases must not enter into the comparisons and 
(2) appropriate inlet and nozzle reference conditions must be 
established. 


3.2.1 Elimination of Teat Technique Bias Sources - There 
are two major possible sources of bias errors. These are due to 
support system and metric arrangement differences between test 
modes. The obvious solution to eliminate these bias sources is 
for the support system and metric break locations to be common in 
all test modes. This is the model approach to be used in the 
program. 

a. Support System Selection - Selection of a common support 
ay Stan concept for all test modes is dictated by several require- 
ments. Of these, three predominate: 


18 


CONVENTIONAL 

(FLOW-THROUGH + JET EFFECTS) CONVENTIONAL vt SIMULATOR 
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COMPARISON OF OVERALL AERODYNAMIC PERFORMANCE 





(1) Adequate volume to contain drive, bleed, 2 uid instrumen- 
tation lines for two CMAPS units, plus strength to 
sustain loads at angles of attack up to 25* at high q 
levels. 

(2) Minimum interference, particularly in the nacelle and 
wing regions, where aerodynamic interactions are of 
most interest. This must take into consideration the 
requirement for future low speed testing up to 90 • 
angle of attack. 

(3) Feasibility for adaptation to other types of configura- 
tions. 

There were four fundamentally different types of support 
systems considered, as illustrated in Figure 3-4. They were 
(1) wing tip, (2) upper fuselage mounted strut, (3) lower fuse- 
lage mounted strut, and (4) rear entry sting. 

Wing tip mounting was not considered feasible because the 
high volume requirements for CMAPS air would have distorted the 
wing considerably all along the span. This would conflict with 
proper measurement of interactions involving wing supercircula- 
tion effects due to vectoring. Further, flexibility to adapt a 
wing tip support to other configurations makes this approach 
unattractive. 

The upper fuselage mounted strut is attractive for high 
angle of attack testing. However, for the selected test configu- 
ration, which has the inner wing attached low on the fuselage, 
CMAPS air routing from the upper fuselage to the low inner wing 
was virtually in5>ossible without excessive fuselage distortion 
and model complication. 
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WING-TIP SUPPORT LOWER FUSELAGE 

MOUNTED STRUT 



UPPER FUSELAGE REAR ENTRY STING 

MOUNTED STRUT 


FIGURE 3-4 QP134S03-M 

TYPES OF SUPPORT SYSTEMS 
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The lower fuselage inount.ed strut was given strong considera~ 
tion. In fact, it is the support system being used for tests of 
this model in the ANC program. It is compatible with the fuse- 
lage/wing arrangement of the test configuration, and does not 
interfere with the vertical tail. The major drawbacks are that 
the fuselage interference effects at high angle of attack may 
become excessive. 

A direct rear entry sting is the type of support system used 
for most force and moment testing on conventional flow-through 
models. It is probably the best system for high angle of attack 
testing; and it is generally regarded as the lowest interference 
support system, although very often the aft fuselage must be dis- 
torted for sting entry. In fact, this is the major disadvantage 
of the direct rear entry sting on the selected test configura- 
tion. Excessive aft-fuselage distortion would be required to 
accommodate the support of the model plus volume for air lines 
and instrumentation. 

The selected support system is a conpromise between the 
lower fuselage mounted strut and the direct rear entry sting. 
Details of the aerodynaunic design are shown in Figure 3-5. 
Adequate volume and strength are provided in the same maximum 
thickness (2.25" near the model) that is required for the lower 
fuselage mounted strut. However, elimination of the vertical 
"blade" portion of the strut acts to reduce interference at high 
angles of attack. The major disadvantage compared to the other 
candidates is probable increased interference at low angles of 
attack. However, the interference effects should be confined 
largely to the lower aft fuselage area, which is removed from the 
wide-spaced nacelles and outer wing regions where the interaction 
effects will predominate. 
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FIGURE 3*5 

AERODYNAMIC DESIGN OF SUPPORT SYSTEM 


b. Metric Arrangement. Selection - The main requirements of 
metric arrangement selection were for measurement of external 
aerodynamic interactions on the complete configuration, and non- 
metric mounting of the simulator units and nozzles (i.e. no exit 
gross thrust on the metric portion of the model) . These require- 
ments dictated that the airframe "skin” components be metric in 
all test modes. A partially metric jet-effects mode, which is 
common practice, could have been a candidate. However, if aft- 
body flowfield changes (e.g. due to vectoring) reached the non- 
metric forebody and were not measured, then the comparisons 
between simulator and conventional modes would reflect test 
technique bias, not true interaction effects. 

The selected metric arrangement concept is characterized by 
a single balance system with three metric break locations common 
to all test modes. The concept is shown in Figure 3-6. The 
external aerodynamic forces are measured by a single internal 
balance attached to the aircraft skin, except for the nozzle 
boattail, and by 52 pressure taps located on the nozzle boat tail 
surface. The CMAPS euid nozzle (external and internal surfaces) 
are therefore non-metric in the simulator mode, the jet-effects 
internal ducting auid nozzle are non-metric in the jet-effects 
mode, and the internal duct aft of the simulator face station and 
choke are non-metric in the flow-through mode. 

There were two major reasons for choosing the single balance 
system. First emd most important, this approach fully satisfied 
the program objective to measure external aerodynamic inter- 
actions. Second, compared to a multiple balance system, it is 
the most simple, cost effective, and lowest risk approach. This 
program represents the first time that two CMAPS units will be 
tested in a compact wind tunnel model. Internal model volume is 
at a premium; packaging too much hardware inside the model could 
result in an unreasonable amount of model development time and 
high risk. 
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FIGURE 3-6 

METRIC ARRANGEMENT CONCEPT 


In the proposed metric arrangement (Figure 3-6), there are 
three metric breaks and three associated seals common to all 
testing modes. The three seal locations are at the simulator 
compressor face station, (duct metric break), at the beginning of 
the nozzle boattail (aft metric break), and between the strut and 
lower fuselage (strut metric break). The strut and aft metric 
break concepts are not new, and have been successfully employed 
in recent nozzle research investigations (e.g. References 2 and 
5). The duct metric break is somewhat unconventional, since 
usual practice for conventional flow-through testing is a com- 
pletely metric internal duct. However, the only practical 
location for the duct metric break in the simulator mode is at 
the simulator inlet. Here, a seal tare and a duct exit momentum 
tare must be determined. The duct metric break for the two con- 
ventional modes was also chosen to be at this same location. The 
idea is to eliminate possible bias errors due to determination of 
the tares at two different locations. Further details concerning 
the metric break configurations are presented in Section 4.0. 

3.2.2 Reference Inlet and Nozzle Conditions - Specified 
reference conditions are required primarily for overall perfor- 
mance determination using data frcxn the two conventional test 
modes. In common practice, the flow-through model, tested with 
various size chokes at the duct exit euid variations in the aero- 
dynamic control surfaces, provides the basic aerodynamic polars, 
trim characteristics, auid drag variations with mass flow ratio 
(MFR) . Increments from the jet-effects model (often partially 
metric) are applied to the flow-through data to account for 
operating nozzle geometry and nozzle pressure ratio (NPR) . In 
order to apply the increments properly, a common nozzle condition 
must be tested on the two conventioneJ. models. The common nozzle 
condition is usually a flow-through model choke tested at the low 
NPR corresponding to a flowing inlet condition. 
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One problem is often neglected in this type of conventional 
testing. The chokes used to obtain the effects of inlet MFR on 
the flow-through model also produce a variable plume shape and 
possible variation in the flow over the nozzle boattail with MFR. 
If the model is fully metric, these plume effects can be misinter- 
preted as due to MFR variations and can cause errors in the 
predicted full scale performance at some I-IFR conditions. 

Based on the foregoing considerations of bias sources and 
reference conditions, a testing approach concept was selected 
where "multipuirpose" reference conditions are established which 
are used not only for measurement of overall performance, but for 
elimination of bias errors as well. 

Selection of the proper reference conditions presented some 
unique possibilities. The concept of a single configuration 
common to all three test modes became attractive, particularly 
since the same metric arrangonent is used in all modes. The need 
for an inlet/nozzle configuration common to the two conventional 
test modes is readily understandable, since there must be a 
method for condainlng the two sets of data into overall perfor- 
mance. In the selected testing approach, this seune configuration 
is also tested in the simulator mode. This provides a “check" 
configuration to eliminate bias from model build-up. After the 
initial build-up in the tunnel of each mode, the common reference 
configuration is tested in a series of check runs over the Mach 
number and angle of attack range. These check runs are then 
compared with runs of the common configuration on the other 
modes. If the check run data does not agree (within some estab- 
lished tolerances), reasons for the discrepancies must be found 
and corrected. 

There are not many choices for inlet and nozzle reference 
configurations which cam be common to all three test modes. The 
inlet must be non-flowing (e.g. faired), since inlet flow caimot 
be simulated in the jet-effects mode. And since the inlet must 
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be non-flowing, this locks in a non-flowing reference nozzle. 
This is because there can be no simulatidn of nozzle flow in the 
flow-through mode if the reference inlet is also non- flowing. 

The choice of the geometry for the reference non- flowing 
inlet was between an internally blocked or externally faired 
inlet. The blocked inlet would be high in drag, simulating a 
zero mass flow ratio condition. Based on past experience, the 
faired inlet has a more representative drag level. This is 
considered advantageous in a thrust/ drag accounting system, 
otherwise, increments from the reference performance basis are 
large, resulting in increased uncertainty at the normal operating 
drag level. Based on these considerations, the faired inlet was 
chosen as the non- flowing reference inlet condition. The 
selected fairing shapes for the baseline and ultra close-coupled 
configurations are shown in Figure 3-7 . The fairing shapes 
represent simple forward extensions of the local cowl moldline. 

There are also several factors to consider in choosing the 
exact configuration for the non-flowing reference nozzle. If the 
non-flowing condition were the only requirement, almost any 
nozzle geanetry could be used. It is best, however, to make the 
reference nozzle conpatible with the nozzle requirements for the 
other testing modes. The ALBEN is not a good choice, because the 
flow-through mode must have an easily variable throat size to 
achieve MFR variations. Further, as previously discussed, it 
would be best to remove the effect of choke size on the external 
aerodynamics so that only the effects of inlet variations will be 
measured in the flow-through mode. This is possible if the 
nozzle is extended far downstream of the normal vehicle exit 
pleuie, with variable chokes at the exit. The nozzle extension at 
a no- flow condition is then used on the other test modes to serve 
as the reference nozzle geometry. This was the selected approach 
for the reference nozzle condition. The aerodynamic shape of the 
extensions are shown in Figure 3-8. 
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PLAN 



BASSUNE INLET 




ULTRA CLOSE-COUPLED 
(MODIFIED INLET) 


FIGURE 3-7 

AERODYNAMIC DESIGN OF REFERENCE INLET CONFIGURATIONS 
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The reference nozzle extensions are non-metric. The outer 
shape conforms to the ALBEN up to the lower flap hinge point, 
thus making the absolute drag level in the flow-through mode 
nearly representative of the actual full scale configuration. 
The circular internal flow path was chosen for ease of fabrica- 
tion. Chokes of various sizes are placed at the exit of the 
extensions for flow-through testing. The extensions have the 
further advantage that they may be attached easily to ein ejector 
system for low speed flow-through testing, thus making it 
possible to achieve the proper inlet mass flow ratio. Further 
discussion of the preliminary design for the nozzle extensions 
and ejector system is provided in Section 5.2. 

3.3 SUMMARY OF TESTING APPROACH - The overall testing approach 
and data utilization features three key elements; (1) check runs 
on the common configuration, (2) con^arisons of inlet/airf rame 
and nczzls/air frame interactions between test modes, and (3) com- 
parisons of overall performance in terms of trimmed drag polars. 
These elements are illustrated in Figure 3-9. 

The check runs are made on the common reference configura- 
tion in each testing mode. Assigning no correctable model build- 
up biases are revealed by these tests, the results provide an 
indication of the differences due to random errors between the 
test modes (although without simulated propulsion flows) . The 
polars for the common configuration also provide the reference 
basis for the overall performemce build-up. Data from the 
"operating" conventional and simulator modes, with actual inlet 
and nozzle flows and simulated airframe variations ^v)» 

combined with the reference configuration data to give the over- 
all performemce conqparisons . The operating modes also provide 
the data for direct comparison of inlet/airf rame and nozzle/ 
airframe interactions. 
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4.0 DESCRIPTION OF COMMON. ,^^ODEL COMPONENTS 


Achievement of hardware commonality in the preliminary model 
design received considerable emphasis in Phase 1. The key common 
model features, other than the fuselage/wing/ canard/ tail compo- 
nents are; (1) test mode conversion hardware, (2) metric break 
seals, (3) model support/tunnel installation, (4) force balance, 
(5) balance thermal control, (6) inlets, and (7) nozzles. 

4.1 TEST MODE CONVERSION HARDWARE - A key to implementing common- 
ality was in design of the hardware to convert from the internal 
"propulsion package" of one mode to another. The test mode 
conversion concept is shown in Figure 4-1. The only components 
of the model not common are the CMAPS, flow-through duct, and 
jet-effects air supply plenum. When converting to flow-through, 
the CMAPS units are replaced with a section of straight duct; 
when converting to jet-effects, the CMAPS units are replaced with 
the high pressure jet-effects plenum. All nacelle hardware for- 
ward of PS 36.33 is common, including the duct metric break seal, 
instrumentation ring, and inlet. All nacelle hardware aft of FS 
45.08 is also common, including the duct bellows, transition 
duct, and nozzles. The duct bellows is needed primarily for the 
simulator mode-acting to prevent vectored nozzle induced bending 
momenta from loading the simulator. 

The real key to the test mode conversion concept is the com- 
mon support hardware. This common hardware, as seen in the plan- 
view portion of Figure 4-1, ensures consistent positioning of the 
internal non-metric and metric model components , The supports 
consist of the forward side mount, bleed line manifold, and the 
nozzle support. The forward side mount and bleed line/manifold 
provide consistent alignment of the duct seal, which should 
eliminate bias in the tare correction for this seal. The forward 
side mount removes torque loads and is flexible in the axial 
direction to allow for thermal growth. Consistent positioning at 
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Plan Vlaw 




the aft metric break is provided by the common nozzle support and 
transition duct. This should eliminate differences in the small 
step at the aft metric break caused by balance deflection at 
angle of attack. A difference in step height at this metric 
break between test modes could cause a drag bias. The nozzle 
support also transmits the nozzle thrust and moment loads into 
the non-metric balance housing. 

4.2 METRIC BREAK SEALS - In this model concept, the airframe 
components are metric and the CMAPS units and nozzles are mounted 
non-metrically to the strut. Accordingly, there are three 
distinct bridging locations between metric and non-metric hard- 
ware. These are at the (1) strut and lower fuselage (strut 
metric break), (2) beginning of the nozzle boattail (aft metric 
break), and (3) simulator conpressor face station (duct metric 
break). Details of the metric break design, including the seals, 
are shown in Figure 4-2. 

A thin flexible teflon seal will be used at the strut metric 
break. The seal is positive in that no flow enters the internal 
cavity through this juncture. This seal has a negligible instal- 
lation effect, as evidenced in recent static loadings at AEDC 
prior to test of the model under the ANC prograun. Loadings in 
axial force, normal force, and pitching moment were made with and 
without the seal installed. There were no measurable seal 

effects, either to reduce balance output sensitivity or increase 
random error. 

The aft metric break is bridged by a floating teflon seal. 
This is not a positive seal, but simply a restrictor intended to 
stabilize pressure inside the model cavity. At the start of the 
nozzle boattail, where the seal is located, a sizeable pressure 
differential can exist between top and bottom at auigle of attack. 
Therefore, to avoid flow within the cavity, some seal or 
restrictor is required. The teflon seal is attached in a groove 
to the metric aftbody and is backed by foam in the groove ( see 
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STRUT SEAL 
FIGURE 4-2 

SEAL ARRANGEMENT 
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Figure 4-2). This has the effect of "spring loading" the seal 
slightly against the flat surfaces of the non-metric nozzle. The 
non-metric, downstream side of the seal must ride on a flat 
surface (i.e., as opposed to another groove) because the non- 
metric nozzle deflects relative to the metric aftbody under 
vectoring loads. This seal design has also been shown to have a 
negligible installation effect based on the recent static check 
loadings of the ANC model. 

The duct metric break is bridged by a Butyl rubber seal . 
This positive seal arrangement is the same type used on the 8.5% 
Simulator Demonstration Model and the 7.5% P-15 Inlet/Airframe 
Model (References 6 and 7). The tare force of this seal depends 
upon the pressure differential across it and the relative deflec- 
tion between the metric and non-metric duct on either side of it 
(In^osed by model aerodyneunic loads). Successful calibrations of 
these effects frcm the two referenced programs provide experience 
for establishing this tare force. 

Two design features have been incorporated to further ensure 
minimum, repeatable corrections due to the duct seal tare. One 
is to minimize deflection at the duct metric break, and the other 
is to ensure Identical seal positioning in all test modes. The 
latter feature is provided by the mounting arrangement, as 
addressed in Section 4.1. To minimize the vertical downward off- 
set which results from balance deflections at high a (large pitch- 
ing moments), a .050 inch upward vertical offset is incorporated 
in the basic design. The variation in offset with angle of 
attack will thus be as shown in Figure 4-3. At low a, where the 
air loads produce very little deflection, a small upward offset 
( .05 in. maximum) will exist. As the model is pitched to nominal 
maneuvering a (10* -12*) and additional deflections occur, near 
zero offset will occur. At even higher a test conditions, a 
small negative downward offset ( .05 in maximum) will exist 
between the inlet duct and simulator. The maximum offset over 
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DEFLECTION VARIATION AT DUCT METRIC BREAK 


39 


the test angle-of-attack range is therefore limited to the .050 
inch deflection. A deflection of this seune value, experienced on 
previous models, caused no problems. 

4.3 MODEL SUPPORT /TUNNEL INSTALLATION - The emphasis of this pro- 
gram is to evaluate the airframe/propulsion system interactions 
in the conventional wing borne flight mode. An installation in 
the Ames 11- foot Unitary Plcui wind Tunnel has been defined to 
conduct this evaluation. There is also interest in assessing low 
speed interaction effects at angles of attack up to 90*, where 
vectored thrtist must be used for control. Testing at these condi- 
tions would be conducted in a future test program in the Ames 
12-Poot Pressure Wind Tunnel. A conceptual installation for the 
12- foot tunnel testing has also been defined. 

4.3.1 Ames 11-Foot Tunnel Installation - The support system 
was designed consistent with (1) a test Mach number range fran 
0.3 to 1.4, (2) a constant tunnel Reynolds number of 2.5 x 10® 
per foot, (3) angle of attack capability from -5* to +25*, and 
(4) minimum buoyancy effects from the support system. 

The test Mach number range covers the operating range avail- 
able in the 11-foot tunnel. The test Reynolds number was 

selected as a compronise between the desire to operate at the 
highest dynamic pressure possible and model and support system 
strength considerations. The tunnel dynamic pressure and total 
pressure corresponding to this Reynolds number is shown in Figure 
4-4. Angle of attack capability up to 25* should cover the 
conditions of primary interest for conventional V/STOL flight 
attitudes . 

A tunnel installation was defined consistent with these 
operating requirements. The installation. Figure 4-5, consists 
of the Ames 40 inch extension and 10* canted adapter, and a new 
tapered adapter, offset adapter, and sting support. The maximum 
bending mcxnent for the installation is within the 800,000 in- lb 
moment limit of the tunnel sector. 
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PLANNED TEST OPERATING CONDITIONS IN NASA/AMES 11 FT UNITARY TUNNEL 
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TUNNEL CEILING 



FIGURE 4 5 

MODEL INSTALLATION IN THE NASA/AMES 11 FT UNITARY WIND TUNNEL 




The model sting length was selected to minimize the buoyancy 
effect of the offset adapter on the model. The effect of the 
adapter was analyzed using a MCAIR-developed progreun for analyz- 
ing subsonic and transonic flow about 3-D bodies (Program 
ATTEND) . The analysis was performed for two different sting 
lengths. The shorter sting length is compatible with both the 
11-foot tunnel installation and high angle-of-attack testing (40* 
to 90*) in the 12- foot low speed tunnel. The longer sting repre- 
sents an estimate of the required length to minimize the effect 
of the adapter, as determined from AEDC sting interference test 
results. Reference 8. For coirparison, a baseline sting installa- 
tion without the offset adapter was also analyzed. Results are 
shown in Figure 4-6 in terms of incremental pressure coefficient 
(ACp) from the baseline for the short and long stings. 

The offset adapter with the short sting produces a Cp rise 
of approximately 0.02 on the model aftbody up to the metric 
break, which converts to a drag error for both nozzles of about 6 
counts. In this calculation, the .02 ACp value was applied to 
the projected area from the aft metric break to the nozzle exit. 
The Cp increase with the short sting was considered unacceptable. 
There is no discernible pressure rise from the adapter felt on 
the model with the longer sting. Based on this analysis, and in 
concurrence with the NASA project engineer, the longer sting has 
been selected for the program. 

4.3.2 Ames 12-Foot Tunnel Installation - NASA-Ames is cur- 
rently planning to modify the 12- foot tunnel; the extent of this 
modification is not totally defined. However, a conceptual 
installation has been defined using the current AMES pitch sys- 
tem, Figure 4-7 . With this installation, angle of attack testing 
up to 90* would be conducted in two steps. For angles of attack 
from 0* to 40*, the installation consists of an existing NASA 
adapter, a new tapered adapter, and the 0* offset adapter used in 
the 11-foot installation. For the testing to 90* suigle of 
attack, another tapered adapter will be provided between the 0* 
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FIGURE 4-6 

STING LENGTH EFFECT ON ADAPTER INDUCED PRESSURE INCREMENTS 
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TUNNEL CEILING 



FIGURE 4-7 

CONCEPTUAL MODEL INSTALLATION IN AMES 12 FT PRESSURE WIND TUNNEL 


offset adapter and the Ames high angle of attack pitch system. 
It should be noted that the model sting shown for the 90* 
testing is shorter than the sting selected for the 11- foot 
installation. 

4.4 ?0RC2 BALANCE - A Task Mark XXXII, 2.5 inch balance owned by 
NASA will be used in this program. Its selection was based on 
maximizing the axial force accuracy, consistent with normal 
force/pitching moment and deflection limits. The axial force 
limit of the bal 2 uice is 250 lb, which is consistent with the 
expected maximum axial force loads for the testing (near 200 lb 
at Mach 1.4, maximum a (16*)). The maximum allowable normal force/ 
pitching moment envelope for the Mark XXXII is compared to the 
estimated model loads in Figure 4-8 for Mach 0.9 and 1.4. Also 
shown are the allowable deflection limits at the duct and aft 
metric breaks, AY * 0.100 and 0.080 inches respectively. The 
deflection limits are based on test experience from applicable 
inlet and nozzle research programs. References 5 and 6. At Mach 
0.9, the baseline model configuration testing at the higher 
emgles of attack ( a ^20*) will be limited to negative canard 
deflection settings (canard leading edge down), due primarily to 
the duct metric break deflection limit. At Mach 1.4, the balance 
load capacity limits the test angle of attack as a function of 
canard deflection. 

The available test envelope is large enough to cover the 
conditions of primary interest. The angle of attack/canard 
deflection test envelope is summarized in Figure 4-9. 

4.5 BALANCE THERMAL CONTROL - The force balance in the model 

will be subjected to a wide range of temperatures in the three 
test modes. In the simulator mode, the CMAPS units have three 
significant heat sources: (1) turbine drive air with a fixed 

ten^jerature of about 200*F, (2) turbine bleed air with a 

temperature varying from about 50* to 165*F, and (3) compressor 
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FIGURE 4^ 

MODEL LOADS AND BALANCE NORMAL FORCE/PITCHING MOMENT ENVELOPE 
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discharge air ten^jerature that can approach 400 *F. In the jet- 
effects mode, turbine drive and bleed air temperatures of the 
simulator mode are duplicated, although the high temperature 
compressor discharge air is not. In the flow-through mode, the 
balance is subjected only to the tunnel temperature 120 *F). 
Bias errors can be introduced into the force balance output as a 
result of the differing tenperature environments, particularly if 
thermal gradients occur. 

These errors can be eliminated if the balance is thermally 
controlled in all modes to the same constant temperature levels, 
with minimum thermal gradients. A three-dimensional thermal 
model of the balance and surrounding model structure was devel- 
oped as a means to design the thermal control system. The model 
consists of approximately 300 nodes; a schematic of the node 
locations are shown in Figure 4-10. 

The thermal control system was designed under the follow- 
ing criteria; 

(1) Maintain a balance operating temperature of 160 *F in 
all test modes, consistent with the ncxninal upper limit 
of Task balance operation; 

(2) Minimize steady-state balance axial temperature gradi- 
ents to within 2*F, consistent with recent experience 
on an F-15 jet-effects model; and on the ANC progreun; 

( 3 ) Provide steady state teirperatures in a reasonable 
amount of time ( 1-2 hr) . 

The thermal control system designed to these criteria is shown in 
Figure 4-11. Two heaters (#1 and #2) are located on the forward 
and aft sections of the balance housing. Another heater (#3) is 
located on the forward end of the balance taper insert. The 
fourth heater (#4) is located beneath the balance. Very thin 


49 



FIGURE 4-10 

BALANCE THERMAL NODE DIAGRAM 


HEATER NO. 1 
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FIGURE 4-11 

BALANCE THERMAL CONTROL SYSTEM 



( .030 inch) custom heaters, manufactured by the Watlow Corpora- 
tion, will be used for this application. Two thermocouples are 
provided for each of the four heaters. One provides feedback to 
the proportional temperature controller, set to maintain 160 “P on 
a specific location of the balance housing (or tapered insert) . 
The other is for temperature monitoring and back-up purposes. 
Use of the proportional ten 5 )erature controllers, in conjunction 
with the thin blankets, will permit heater power densities of up 
to 25-30 watts/ in^ for this application. 

The thermal model was used to predict balance temperatures 
with this thermal control system for both transient and steady- 
state operating conditions. The transient analysis, representing 
balance heat-up fr<Mii 80 *P with the tunnel off, indicated the 
balance could be driven to 160 *P in about one hour. This is con- 
sistent with the design criteria. Maximum power density required 
for this length of heat-up time was about 1/3 of the system' s 
capability. This converts into either a high safety factor or a 
potentially more rapid heat-up period. The power density require- 
ments for steady-state operation with the model and tunnel operat- 
ing are much less. 

Three steady-state cases, two for the simulator mode auid one 
for the flow-through mode, were analyzed to ensure that the tem- 
perature gradient requirements were attained. The two simulator 
test cases correspond to the range of CMAPS turbine bleed air 
ten^erature (50 to 165*P) from recent CMAPS testing. A maximum 
axial temperature gradient of about 2*F is predicted for the 
three test cases, as shown in Figures 4-12 and 4-13. This is 
within acceptable limits. The angular and radial temperature 
distributions for these same three conditions are within about 
4*F, as shown in Figure 4-14. 

Detailed design and procurement of the heaters and con- 
trollers will be accomplished in the Phase 2 detailed design 
activity. 
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4.6 INLET DESIGNS - Two different inlets have been designed for 
the baseline and ultra close-coupled configurations. 

4.6.1 Baseline Inlet - The baseline inlet is a rectangular, 
normal shock design with a 15* scarf angle. The inlet concept is 
shown in Figure 4-15. It was sized for operation at 95 percent 
of critical mass flow ratio with the maximum simulator airflow 
(1.65 Ibs/sec). A rotating cowl lip is incorporated into the 
design to reduce lip separation at static conditions and at high 
angles of attack. Lip rotation angles of 45* and 70* were 
selected for this design. It is expected that the 45* configu- 
ration will be used for low speed at moderate to high angles of 
attack. The 70* cowl deflection would be used for static opera- 
tion and at low speed, high angles of attack (approaching 90*). 
Sideplates will be incorporated when the cowl is deflected. In 
addition, the cowl rotation point has been selected to provide a 
large flap knee radius to prevent separation. The rotating cowl 
lip design for this inlet is based on a similar design which was 
recently tested at MCAIR. 

The need for specialized inlet devices, such as the rotating 
cowl lip, is illustrated by the test results on the 8.5% Simula- 
tor Demonstration Model, Reference 6. in this testing, there 
were numerous instances of simulator compressor stalls at static 
operation which were attributed to high flow inlet distortion 
levels. This distortion was due to separation off of the rela- 
tively sharp (p-15 type) lip at static conditions. The problems 
were resolved by subsequently using a bellmouth adapter as shown 
in Figure 4-16. 

For this progreun, the rotating cowl lip was selected because 
of its demonstrated performance in the Reference 9 investigation 
and also in a recent MCAIR Independent Research and Development 
(IRAD) test program. The rotating cowl lip configuration tested 
in the recent MCAIR program is shown in Figure 4-17. The inlet 
performance improvement with the rotating cowl lip configurations 
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was de-termined statically and at Mach 0.25 over an angle of 
attack range of 0* to 90*. As shown in Figure 4-18, the rotating 
cowl lips provide a significant performance improvement. 

A comparison was made of inlet recovery, steady state distor- 
tion, and turbulence at static conditions for the following 
configurations : 

o 8.5% Sim. Dev. Baseline Inlet (P-15) 
o 8.5% Sim. Dev. Bellmouth Adapter 
o MCAIR 40* and 70* Rotating Lip Configurations 

The perfoniMuice differences are tabulated in Figure 4-19. Note 
that the MCAIR 70* rotating lip inlet has lower distortion than 
the bellmouth inlet and only slightly lower pressure recovery. 

Since the V/STCL rotating cowl lip design are geometrically 
similar to those recently tested at MCAIR, the V/STOL inlet 
should have conparable performance and therefore result in 
satisfactory CMAPS operation. 

An evaluation was also conducted to determine the need for 
an inlet bypass system to maintain stable inlet operation when 
the simulator is windmilling at supersonic test conditions. The 
operating characteristics at Mach 1.4 of a normal shock inlet 
similar to that on the baseline V/sTOL configuration are shown in 
Figure 4-20. The start of inlet flow instability or "buzz" 
occurs below the mass flow ratio associated with the simulator 
windmilling airflow for all positive angles-of-attack tested. A 
bypass system is therefore not necessary providing the model is 
positioned at positive angle of attack during windmilling 
operation. 


4.6.2 Ultra Close-Coupled Inlet Definition - The conversion 
of the baseline inlet configuration to a modified ultra-close- 
coupled configuration is accomplished with a minimum of hardware 
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Performance Parameter 

Inlet Configuration 

8.5% Sim Dev 
Baseline 
Inlet 

F-15 

(See Note 2) 

8.5% Sim Dev 
Bellmouth 
Adapter 

MCAIR 
70® Rotating 
Up 

Inlet Recovery 

0.870 

0.881 

0.960 

0.933 

Steady State Distortion 

0.138 

0.127 

0,104 

0.071 

Turbulence 

N/A 

0.034 

N/A 

0.015 


Notes: QP134M0M0 

1. N/A - not available 

2. F-15 inlet data from subscale inlet test. Baseline inlet for 
8.5% sim dev program was based on F-1 5 design 

3. Data at design engine airflow levels 
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changes. As illustrated in Figure 4-21, this modification 
involves (1) removal of the canard, (2) removal of the basic 
inlet duct, (3) insertion of a modified inlet duct, and (4) mod- 
ification of the inner wing. All other aspects of the model 
hardware remain undisturbed as this modification is made. The 
balance and seal tare calibrations thus remain the same. 

The short nacelle necessitates changes to the basic inlet 
design concept. In keeping with the optional design guidelines 
established by NASA, a subsonic inlet design has been selected, 
as detailed in Figure 4-22. Due to the short duct length, a cir- 
cular inlet shape was chosen to avoid relatively large diffuser 
wall angles which would result when transitioning from a square 
to a circular duct over a very short distance. Based on similar 
designs, the inlet was sized to an inlet throat Mach number of 
G.55 at the simulator design airflow. 

The articulating lower cowl flap used in the baseline inlet 
design for improved performance at static and high angle of 
attack conditions is not being used in the short nacelle inlet. 
It was felt that the articulating flap was not compatible with 
the circular subsonic inlet concept. Therefore, three other 
design features are being used to "replace" the articulating flap 
function (good static/high angle of attack performance). First, 
in accordance with the results from Reference 10, a reverse scarf 
(lower lip extending past the upper lip) is incorporated. Tne 
increase in angle of attack capability obtained with a reverse 
scarf inlet design is shown in Figure 4-23. Second, generous 
inlet contraction ratios (capture area divided by throat area) 
have been selected for this inlet design. Based on the YC-15 
design, contraction ratios of 1.78 and 1.34 have been chosen for 
the lower and upper inlet lips, respectively. The angle of 
attack performance improvement with increased inlet contraction 
ratio is shown in Figure 4-24. Finally, a leading edge slat has 
been provided over the lower 120* of the inlet to help prevent 
separation on the lower lip. As presently planned, the slat will 
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be used only at very high angle of attack. Performcince improve- 
ment with a geometrically similar slot design is illustrated in 
Figure 4-25. 

It is felt that this ultra close-coupled inlet design will 
provide the necessary performance levels at static and high angle 
of attack conditions to ensure safe simulator operation. 

4.7 NOZZLE DESIGNS - The basic nozzle design for the program is 
the GE ALBEN concept. The ALBEN meets the program requirements 
and was selected for cost considerations since it is existing 
hardware frcm the ANC program. It can be tested in any of the 
three modes, although it will be used primarily in simulator and 
jet-effects testing. Nozzle extensions are used for the refer- 
ence nozzle condition and in the flow-through mode. The aero- 
dynamic design of the nozzle extensions is discussed in Section 
3; their use in the flow-through mode is discussed in Section 5. 

The ALBEN nozzle assembly simulates a full scale GE design 
with internal/external expansion, an aspect ratio of 3.8, fully 
variable throat area control, and thrust vectoring capability. 
This is a specialized- type of single expansion vanap nozzle 
designed particularly for low weight. It utilizes an ellipti- 
cally shaped canister or shroud to vary throat area, with the 
bottom section forming the lower nozzle lip. The upper portion 
of the shroud surrounds the upper r 2 ur^ assembly creating a cavity 
that is pressurized with fan air. The pressure loading on the 
upper section of the shroud essentially balances the load on the 
lower section. 

The ALBEN model can be vectored both at dry power and after- 
burning to 20* and 30* deflection. The model representation of 
the ALBEN is shown in Figure 4-26. 
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5.0 DESCRIPTION OF TEST MODE CONCEPTS 


Successful completion of program objectives depends upon 
attention to detail in the design of all three test modes. 
Conceptual layouts and associated analyses have been accomplished 
for the key design aspects of the simulator, flow-through, and 
jet-effects testing modes. 

5.1 SIMULATOR TEST MODE CONCEPT - The simulator mode is the most 
ccsnplicated of the designs, and requires extensive analysis to 
ensure the model and simulator are compatible. The only hardware 
components unique to this mode are the actual CMAPS units. The 
layout of the simulator test mode concept is shown in Figure 5—1. 
Extensive analyses of the pressure loss characteristics of the 
drive and bleed air system were conducted based on this design, 
and a "flexibility" analysis was done to assess CMAPS/modei com- 
patibility. The term flexibility refers to the CMAPS capability, 
in the model, to provide independent variation of airflow or 
engine pressure ratio while holding the other parameter fixed. 

5.1.1 Drive Air System - The turbine drive air system must 
provide the simulator the required flow at a given pressure 
level. The design conditions for the drive air system are at 
maximum flow and pressure, as determined from data of References 
(6) and (11). 

Turbine inlet flow (W4) = 5.5 Ibs/sec/CMAPS unit 
Turbine inlet pressure (PT4) = 1300 psia 
Turbine inlet temperature (TT4) = 200 *F 
Compressor inlet pressure (PT2) = 16 psia 

The proposed drive air system is composed of three different 
sections. A schematic is shown in Figure 5-2. The system con- 
sists of a 1-inch I.D. line from the NASA Flow Control Pallet to 
the model strut. Once inside the strut, the line size is reduced 
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FIgurt $>2. Turbine Drhr« Air System SciMmatic 





to a .683 inch I.D. line (flow area of .366 in^ ) to minimize 
strut size. The drive air line area is increased to .70 in^ 
inside the model as soon as possible to reduce pressure loss. 
This .70 in^ area is maintained up to the CMAPS drive manifold. 
It should be noted that this larger flow area is about the saune 
.as the area at the flange of the current CMAPS drive manifold 
shell. 


Assuming an available supply pressure of 2000 psia at the 
exit of the NASA Flow Control Pallet, sufficient pressure should 
be availaUale to the CMAPS units. With 2000 psia supply pressure, 
the available pressure at the CMAPS turbine inlet is estimated to 
be 1575 psia (1300 psia maximum required). The complete loss 
analysis is contained in Appendix A. 

5.1.2 Bleed Air System - The capability of the CMAPS to 
vary engine pressure ratio (EPR) at a fixed compressor airflow is 
provided by mixing in the nozzle all or part of the turbine bleed 
airflow with the compressor airflow. For a given nozzle throat 
area euid mixer area, the pressure drop or flow restriction in the 
bleed system directly affects the range of EPR available. As 
bleed system pressure losses increase, the amount of bleed flow 
that cam be handled before choking occurs is correspondingly 
reduced. Consequently, the rest of the bleed flow must be dumped 
through the mixer, which in effect raises the minimum EPR attain- 
able at a given compressor airflow. Larger reductions in bleed 
line area (or increased pressure loss) eventually result in a 
condition where it is no longer possible to power the CMAPS at 
maximum speed without stalling the compressor. Therefore, the 
design of the turbine bleed air line system is critical since it 
has a direct impact on the CMAPS performance. This is especially 
true for small throat area nozzles (typical of engine dry power 
operation) , where the majority of the turbine bleed air must be 
routed back through the bleed air line. 
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To provide the greatest CMAPS flexibility, the bleed system 
was designed with the largest line areas possible considering the 
model and support system constraints. In the design shown in 
Figure 5-3, a bleed Line area of 1.05 in^ is maintained inside 
the model between the CMAPS bleed manifold and support strut. 
Once inside the forward section of the strut, the bleed area is 
increased to 1.23 in^ to decrease pressure loss. The bleed area 
is further increased to 1.62 in^ in the aft section of the strut. 
Aft of the model strut, a 2.0 in I.D. flexible line ducts the air 
to the NASA Plow Control Pallet located on the tunnel traversing 
strut. The bleed air then passes through the flow control/ 
measuring hardware on the pallet, and is exhausted into the 
tunnel. 

With the system thus defined, the pressure drop through each 
component was calculated. A loss summary is shown in summary 
form in Figure 5-4. The bleed system losses are separated into 
three categories: (1) losses between the bleed manifold and 

model strut, (2) losses in the model strut, and (3) losses 
through the Flow Control Pallet hardware. About 60% of the total 
pressure loss occurs inside the model, where line size is 
restricted due to space limitations. An additional 20% is lost 
in the model strut, .where strut size is a controlling considera- 
tion. Finally, about 20% of the pressure is lost within the 
pallet Installation. The pressure loss analysis is described in 
Appendix B . 

5.1.3 Flexibility Analysis - Extensive study has been 
conducted to estimate the flexibility envelope of the CMAPS units 
in the model. This work was done in cooperation with General 
Electric. The key "independent variables" which affect flexibil- 
ity are: 

(a) Turbine bleed system pressure loss 

(b) Bleed venturi area (Av) 

(c) CMAPS mixer area (AE57) 

(d) Nozzle throat area (Ag) 
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REGION % OF TOTAL ^ LOSS 

NO. 1 INSIDE MODEL 62% 

NO. 2 MODEL STRUT 18% 

NO. 3 PALLET INSTALLED 20% 

aP134W3.$* 

FIGURE M 

TURBINE BLEED SYSTEM PRESSURE LOSS SUMMARY 
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In the detailed initial analysis presented in the March 1981 
progress report, each of the above parameters was varied indepen- 
dently to assess their affects on CMAPS flexibility. Results 
indicated that reduction of bleed system pressure loss should be 
further evaluated, as well as a more optimum (smaller) mixer 
area- It was also determined that the larger of the two avail- 
able venturis should be used. An increase in nozzle throat area 
was found to be effective, but was not considered due to the cost 
of new hardware. 

Subsequent analyses has led to the final recommended system 
to achieve good CMAPS/model compatibility in terms of the flex- 
ibility envelope. The basis for con^jarison is the CMAPS flexibil- 
ity obtained during the recent simulator development test at 
AEDC, Reference 1. A comparison of the key flexibility 
parameters for the CMAPS development system and the recommended 
NASA system, at the critical dry power condition, is given below: 


Parameter 

CMAPS 

Development 

System 

Recommended 
NASA System 

Turbine Bleed System Total 
Pressure Loss 

’ 20% (Bleed 

Manifold 
to Venturi) 

42% (Bleed 
Manifold 
to Venturi)* 

Bleed Venturi Area, Ay (In^) 

0.65 

0.85 

Dry Power Nozzle Throat Area, 
Aa ( in^ ) 

3.098 

2.83 

CMAPS Mixer Area, AE57 (in^) 

.1073 

0.062 


*Bleed air system defined in paragraph 5.1.2 
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The reconunended parameter values above represent (1) an 
increased model bleed line area, compared to the earlier design, 
of about 10%, (2) the use of the larger of the two available NASA 
venturis, (3) reduced area mixer and (4) the use of the currently 
available ALBEN nozzle from the ANC program. The minimum CMAPS 
operating line for the reccanmended NASA system is shown in Figure 
5-5, conpared to the CMAPS development system. This prediction 
has been made using the GE CMAPS cycle analysis and the noted 
inputs. The recommended system is considered well within accept- 
able limits, with capability to achieve maximum CMAPS airflow 
(1.65 Ib/sec) with adequate stall margin. 

5.2 FLOW-THROUGH TEST MODE CONCEPT - The testing in the conven- 
tional flow-through mode is designed to measure the basic vehicle 
aerodynsooics, including canard trim and inlet drag characteris- 
tics and any associated interactions. Conceptual design of the 
flow-through mode is shown in Figure 5-6. 

The only model change required to convert from the simulator 
to the flow-through mode is to remove the CMAPS units and install 
the flow-through duct. The duct includes a dummy hub to simulate 
the simulator con^ressor hub. The nozzle extensions are normally 
Installed in the flow-through mode, although the ALBEN ceui be 
tested if desired. The flow-through duct is mounted using the 
same attachment as the CMAPS to ensure identical positioning of 
the inlet duct seal. The nozzle extensions are cantilevered from 
the common transition duct/ nozzle support. 

Inlet mass flow ratio is controlled with chokes at the 
nozzle extension exit. A set of four chokes is sufficient to 
cover the range of inlet mass flow ratios available with the 
CMAPS units. The choke exit areas will range from approximately 
2.5 to 5.2 in^. Chokes of similar areas were utilized in the 
8.5% Simulator Development Program and effectively covered the 
airflow range of interest. At Mach 0.6 and below, an ejector 
will be required to obtain the full range of inlet mass flow 
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ratios. It will be mounted on the tunnel support, as shown in 
Figure 5-7. Flexible lines will connect the ejector to the 
model. The CMAPS air supply will be adequate to power the 
ejector. 

The recommended ejector for the lower speed testing is MCAIR 
owned and was previously used at NASA/ Ames in an inlet develop- 
ment program. Reference (12). In this program, the ejector was 
used to pump up to 7.0 Ibm/sec corrected airflow. The ejector 
flow/pressure requirements are presented in Figure 5-8. 

5.3 JET-EFFECTS TEST MODE CONCEPT - Testing in the conventional 
jet-effects mode is de’signed to measure the incremental aerodyna- 
mics effects due to nozzle geometry (dry and afterburning), 
nozzle pressure ratio, and vectoring. Conceptual design of the 
jet-effects mode is shown in Figure 5-9. 

The only model change required to convert from the simulator 
to the jet-effects mode is to remove the CMAPS units and install 
the high pressure air supply plenum assembly. Inlet fairings are 
also added. 

In this mode, the non-metric plenum assembly is attached 
using the identical attachments as for the other two modes. The 
duct metric break seal emd instrumentation ring foirward of the 
plenum are retained, even though they do not serve a function. 
This is to ensure consistency in the duct metric break seal tare 
among the test modes. The bellows and transition duct aft of the 
plenum are also retained. The ALBEN nozzles mount to the transi- 
tion duct/ nozzle support, thus vectoring loads are transmitted 
directly to the balance housing. 

The high pressure jet-effects plenum (Figure 5-9) is 
designed to provide the same total pressure levels and distribu- 
tion at the nozzle charging station as the CMAPS. To accOTjplish 
this, the actual CMAPS mixers will be utilized as part of the air 
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FIGURE 5-7 

EJECTOR INSTALLATION FOR LOW SPEED FLOW THROUGH TESTING 
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FIGURE 5-9 

JET-EFFECTS TEST MODE DESIGN 


supply plenum. Two separate high pressure air supplies are pro- 
vided to the plenum. One supply comes in through the same line 
that provides the drive air to the CMAPS, and thus represents the 
compressor airflow. This flow passes through a choke plate and 
in between the mixer lobes. The other supply, simulating the 
CMAPS turbine exit flow, cOTies through the CMAPS bleed air lines 
directly into the mixer. After passing through the mixer chokes, 
this air ccxnbines with the "compressor" air. By independent 
control of the pressure of each supply, it should be possible to 
match both the nozzle flow pressure level and distribution pro- 
file of the actual CMAPS at a variety of conditions. 

This plenum design should also match the actual CMAPS nozzle 
tenperature distribution, since the actual CMAPS mixers are used. 
The current CMAPS design has demonstrated less than 6% nozzle 
ten^erature distortion. Figure 5-10. These data were measured at 
dry power operation during the simulator development program. 

An analysis was conducted to assess the feasibility of also 
matching the actual temperature levels of the CMAPS compressor 
exit and turbine exit flows. To match the CMAPS compressor exit 
properties, air heated as high as 400 *F must be supplied through 
the model. Under this condition, the ten^erature of the force 
balance would be near the 180 *F limit of the balance. In addi- 
tion, the thermal ainalysis indicated a large axial temperature 
gradient {*=50"P) would occur along the balance. Therefore, to 
provide a more uniform ten^erature environment for the balance 
and thereby reduce bias errors between test inodes, it was decided 
to • supply the jet-effects air at the same temperature levels as 
in the simulator mode, or about 200 *F. Jet- effects operation at 
slightly lower nozzle ten^eratures than in the CMAPS mode should 
not greatly affect the data comparison between test modes, based 
on the Reference 13 test data. These data indicate only a 1 drag 
count difference due to nozzle jet temperature variations between 
500 and 800 *R, as shown in Figure 5-11. 
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FIGURE 5-10 

CMAPS NOZZLE TEMPERATURE (T7) DISTORTION 



1 . Maximum CMAPS NPR • 6.7 9 Mg 0.9: Pj^j, -5.5 

2. Ref: AEOC.TR-76-109 & AEDC-TR.76-102 

Figura 5*11. Effect of Jet Temperature on Afterbody Drag 

Mq = 0.9 15' Soattail Convergent Nozzle Geometry 
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6 . 0 INSTRUMENTATION 


The model and CMAPS instrumentation for this progrctm are 
extensive. Model force balance instrumentation is provided, as 
well as extensive internal flow measurements and external pres- 
sure instrumentation. CMAPS instrumentation is required to 
monitor/ control operation and health. All instrumentation defini- 
tion was thoroughly reviewed with NASA in Phase 1 to arrive at a 
preliminary set of requirements. In addition, the instrumenta- 
tion routing in the model received considerable attention. 

6.1 MODEL INSTRUMENTATION - The majority of the model instru- 
mentation is ccxnmon to all test modes. Sme is test mode pecu- 
liar, relating to control/measurement of unique propulsion system 
simulation parameters, such as airflow and nozzle pressure ratio. 
A summary of the instrumentation and function is presented in 
Figure 6-1 for all test modes. 

The model surface pressure instrumentation is used to diag- 
nose the localized effects of flowfield coupling. Locations for 
these pressure orifices is defined in Figure 6-2. Since the 
nozzle boattail is non-metric in this installation, extensive 
boattail pressure measurement is provided for integration and 
assessment of boattail drag, as detailed in Figure 6-3 . 

6.2 CMAPS INSTRUMENTATION - The NASA furnished instrumentation 
for the CMAPS is used to monitor the units health and operation 
and to provide control variables. A list of this instrumentation 
is presented in Figure 6-4. 

6.3 INSTRUMENTATION ROUTING - Routing of the large eunount of the 
instrumentation in this model is critical, especially in the 
simulator mode. A full size layout of the overall model instru- 
mentation routing is provided as Enclosure (2) to this report 
transmittal. The model static pressures will be routed to 
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Note; (I) One used for CMAPS controller for each simulator 

FIGURE 6-1 

MODEL INSTRUMENTATION SUMMARY 
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FIGURE 6-3 OP134WCH3 

LOCATIONS FOR ALBEN NOZZLE PRESSURE INSTRUMENTATION 
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Per Simulator 




Scani valves inside the model. There are six 48-port, Type S 
Scanivalves in the model, two in the aft fuselage and four in the 
forward fuselage. The nozzle boattail instrumentation will be 
routed from the nozzle, through the inner wing, and to the aft 
Scanivalves, as shown in Figure 6-5. Due to space limitations, 
the pressures will be split between left and right hand nozzles. 
The remaining model static pressures will be routed to the for- 
ward Scanivalves. The total prersures for nozzle pressure ratio 
and CMAPS/ jet effects high pressure air measurement will be 
routed to a NASA-supplied transducer pod located on the tunnel 
support system. The CMAPS instrumentation required for health 
monitoring and control will also be routed to this transducer 
pod. 
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7.0 ERROR ANALYSIS 


An error analysis was initiated in Phase 1 to assess the ran- 
dom error in key aerodynamic performance parameters (Cd» Cj^, C^) 
as measured by the model system. Purpose of this activity is to 
identify the major contributing error sources, and any necessary 
changes to the data acquisition/ reduction procedures, instrumenta- 
tion, calibration procedures, and possibly the model design. In 
Phase 1 activity, the error analysis methodology was established, 
the necessary data reduction equations were formulated, and 
errors were predicted for a sait^le case. This analysis will be 
finalized in Phase II after tests of the model under the ANC 
program are completed. This will permit actual model data (i.e. 
measurand values and calibration accuracies) to be used, thus 
ensuring maximum benefit from the analysis. 

7.1 METHODOLOGY - The error analysis procedure being used is a 
comprehensive method developed under the Exhaust System Inter- 
action Program, Reference 14 . It has been implemented at MCAIR 
in a generalized error analysis con^uter program. This program 
was written according to the standard technique of propagation of 
errors as described in Reference 15 . The procedure can be des- 
cribed briefly by letting x^, X2, X3 ... represent random values 
whose true values are X],, X2, X3 ... and letting u represent a 
derived quantity whose true value is given by, 

U » f(Xi, X2, X3 ...) 

and also letting ej^, e2, 03 ... represent the statistically 
independent errors (standard deviations) of X]_, X2, X3 ... 
respectively. Then the error induced in u, which will be denoted 
by 6, as a result of the errors ej., e2, eg has a variance 
equal to 
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Eq (a): 

# 

V(5) - a2 (6) 

■(ii:)’-.. • 

where is the sensitivity of u with respect to the variable 

Xj[. These partial derivatives are confuted by means of either a 
three point or a five point differentiation scheme at values 
equal to the measured values of X2, X3 ... From equation 

(a), the percent contributions to cr2(<S) by X2» X3 ... can be 
computed by 

% Contribution ■ { ^ ^ 

The basic structure of the program is outlined in Figure 7 - 1 . 
The aerodyneunic coefficients of interest are calculated in 
several user provided function subroutines. These subroutines 
contain the data reduction equations which are included herein as 
Appendix C. User numerical input consists of the measurands and 
their associated one sigma (standard deviation, o) uncertainties. 
A description of the measurands is also given in Appendix C. 

7.2 SAMPLE CASE RESULTS - A sample test case has been run for 
the simulator test mode to demonstrate the content and format of 
the forthcoming error analysis. The san5>le case incorporates 
input data from tests in Phase 1 of the ANC progreun, and esti- 
mates for the CMAPS related quantities not measured in the ANC 
program. The ANC data, although not expected to accurately repre- 
sent the current model, does provide a reasonably good data base 
from which the operation and usefulness of the procedure may be 
verified. The numerical results presented here should be inter- 
preted accordingly. 
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OP13-06I»14 

FIGURE 7-1 

ERROR ANALYSIS COMPUTER PROGRAM STRUCTURE 
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The operating point selected for the sample case is at Mach 
0.9, 4* angle of attack, and dry power. This corresponds to a 
typical subsonic cruise condition. The output of the MCAIR error 
analysis program for the sample test case is shown in Figure 7-2. 
Presented for each calculated quantity (i.e. C^, Cq and Cji) are 
its value, variance and standard deviation (sigma). Also listed 
are the percent contributions to the total error of the major 
contributors. Only those measurands contributing more than .1% 
of the total variance are listed in the output. Taking the drag 
coefficient (CD) as an example, the standard deviation is 0.0011, 
or 11 counts, with the balance normal force contributing 68% of 
the total variance and axial force contributing 24%. 


7.3 PLAMNED ERROR ANALYSIS CASES - Plans are to complete the 
error analysis in Phase II, using data from the ANC model to be 
used in the NASA program. Each of the three test modes will be 
analyzed at three points. These points have been selected to be 
near in^rtant conditions on the DLI mission, as follows: 


DLI MISSION SEGMENT 
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Supersonic Dash Out 
Subsonic Cruise Back 
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EXPLANATION OF TEEMS 


PARAMETER 

DESCRIPTION 

CL 

LIFT.COEFFICIENT, CALCULATED QUANTITY 

CO 

0RA6 COEFFICIENT, CALCULATED OUANTITY 

CM 

PITCHING MOMENT COEFFICIENT, CALCULATED QUANTITY 

VALUE 

VALUEOF CALCULATED OR MEASURED QUANTITY 

VAR 

VARIANCE OF CALCULATED QUANTITY 

SIGMA 

STANDARD DEVIATION OF CALCULATED QUANTITY 

SAMPLE ST DEV 

STANDARD DEVIATION OF MEASURED QUANTITY 

CONTRIBUTION 

CONTRIBUTION OF MEASURED QUANTITY TO TOTAL VARIANCE 

PERCENT OF VARIANCE 

PERCENT CONTRIBUTION TO TOTAL VARIANCE 

MEAS QUANTITIES 

MEASURANDS 

ALPHAM 

MODEL ANGLE-OF-ATTACK 

A2 

COMPRESSOR FACE AREA 

CPCAV 

AVERAGE CAVITY PRESSURE 

FAGA 

BALANCE AXIAL FORCE READING 

FNGA 

BALANCE NORMAL FORCE READING 

M 

TUNNEL MACH NUMBER 

MMGA 

BALANCE PITCHING MOMENT READING 

PO 

TUNNEL STATIC PRESSURE 

TTR 

TUNNEL TOTAL TEMPERATURE 
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APPENDIX A 


TURBINE DRIVE AIR SYSTEM PRESSURE LOSS ANALYSIS 


A detailed pressure loss analysis for the turbine drive sys- 
tem was conducted during Phase I of this program. The detailed 
results of this analysis are contained in this Appendix. The 
drive syst^ was divided into the individual components shown in 
Figure A-1. A detailed geometric description of each consonant 
is contained in Figure A-2, along with the loss factors used and 
flow properties (total pressure, Mach number, and dynamic 
pressure) at each COTiponent. 
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FIGURE A-1 

TURBINE DRIVE AIR SYSTEM COMPONENTS 
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FIGURE A-2 

TURBINE DRIVE AIR SYSTEM PRESSURE LOSS ANALYSIS 




















APPENDIX B 


TURBINE BLEED A.IR SYSTEM PRESSURE LOSS ANALYSIS 


A detailed pressure loss analysis for the turbine bleed sys- 
tem was conducted during Phase I of this prograun. The detailed 
results of this analysis are contained in this Appendix. The 
bleed system was divided into the individual components shown in 
Figure B-1. A detailed geometric description of each component 
is contained in Figure B-2, along with the loss factors used and 
flow properties (total pressure, Mach number, and dynaunic 
pressure) at each component. 
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FIGURE B-1 

TURBINE BLEED AIR SYSTEM COMPONENTS 
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FIGURE B-2 

TURBINE BLEED AIR SYSTEM PRESSURE LOSS ANALYSIS 
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FIGURE B*2 (Continued) 

TURBINE BLEED AIR SYSTEM PRESSURE LOSS ANALYSIS 





















APPENDIX C 


ERROR ANALYSIS DATA REDUCTION EQUATIONS 


Presented in this appendix are the preliminary data reduc- 
tion equations used to calculate C^,, Cq and in the error 

analysis program for the simulator mode. The equations however 
are identical for all three test modes except for the duct 
related parameters. These differences are noted. Also presented 
is a description of the measurauids used in the data reduction 
equations. 

The final data reduction equations will be derived as part 
of Phase II activity. 


Ill 


Measurahd 

AAFSLT 

ACAVN 

AFASC 

AFASP 

AFB 

AFBU 

AFBL 

AFSW 

AFSWIB 

AFSWOB 

ALA(I) 

ALN(I) 

ALPHAM 

ALPHAN 

ANFSLT 

APMSLT 

AGAVA 

AWETl 

AWET2 


Description 


Aircraft balance axial force installation 
correction, LB. 

Projected normal cavity area 

Aircraft balance axial force strut cavity 
pressure correction, LB. 

Aircraft balance axial force seal pressure 
correction , LB . 

Total pressure-area integrated boattail axial 
force, LB. 

Upper surface pressure-area integrated nozzle 
boattail axial force, LB. 

Lower surface pressure-area integrated nozzle 
boattail axial force, LB. 

Total pressure-area integrated sidewall axial 
force, LB. 

Inboard pressure-area integrated sidewall axial 
force, LB. 

Outboard pressure-area integrated sidewall axial 
force, LB. 

Nozzle area assigned to pressure tap I in the 
axial direction. 

Nozzle area assigned to pressure tap I in the 
normal direction. 

Model angle of attack. 

Nozzle angle of attack, DEG. 

Aircraft balance normal force installation 
correction , IN-LB . 

Aircraft balance pitching moment installation 
correction, IN-LB. 

Projected axial cavity area. 

Nacelle wetted area, IN^. 

Nacelle plus nozzle wetted area, IN^ 


1 ] 


Measurand 

A2 

CAB 

CABU 

CABL 

CAPA 

CASW 

CASWIB 

CASWOB 

CBAR 

CDA 

CDARON 

CDARONP 

CDAROT 

CDAROTF 

CDB 

CDBL 

CDBU 

CDNSF 


Description 


Compressor face duct area, IN^ . 

Total pressure-area integrated boattail axial 
force coefficient. 

Upper surface pressure-area integrated nozzle 
boattail axial force coefficient. 

Lower surface pressure-area integrated nozzle 
boattail axial force coefficient. 

Aircraft balance corrected axial force 
coefficient. 

Pressure-area integrated sidewall axial force 
coefficient . 

Inboard pressure-area integrated sidewall axial 
force coefficient. 

Outboard pressure-area integrated sidewall axial 
force coefficient. 

Mean aerodynamic chord. 

Aircraft balance corrected drag coefficient. 

Total nozzle pressure-area integrated drag 
coefficient. 

Total nozzle pressure-area integrated drag 
coefficient plus nozzle skin friction 
coefficient. 

Total model drag coefficient using pressure-area 
integrated nozzle drag. 

Total model drag coefficient using pressure-area 
integrated nozzle drag plus nozzle skin friction. 

Total pressure-area integrated boattail drag 
coefficient. 

Lower surface pressure-area integrated boattail 
drag coefficient. 

Upper surface pressure-area integrated boattail 
drag coefficient. 

Nozzle skin friction coefficient. 
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Measurand 


Description 


CDSW 

CDSWIB 

CDSWOB 

CFN(l) 

CFN(2) 

CIA 

CLA2 

CIARON 

CLAROT 

CLB 

CLBU 

CLBL 

CLSW 

CLSWIB 

CLSWOB 

CMARON 

CMAROT 

CMIA 


Total pressure-area integrated sidewall drag 
coefficient. 

Inboard pressure-area integrated sidewall drag 
coefficient. 

Outboard pressure-area integrated sidewall drag 
coefficient. 

Nacelle skin friction coefficient. 

Nacelle plus nozzle skin friction coefficient. 
Aircraft balance corrected lift coefficient. 
(CIA)2 

Total nozzle pressure-area integrated lift 
coefficient. 

Total model lift coefficient using pressure-area 
integrated nozzle lift. 

Total pressure-area integrated boattail lift 
coefficient. 

Upper surface pres sure- area integrated boattail 
lift coefficient. 

Lower surface pressure-area integrated boattail 
lift coefficient. 

Total pressure-area integrated sidewall lift 
coefficient. 

Inboard pressure-area integrated sidewall lift 
coefficient. 

Outboard pressure-area integrated sidewall lift 
coefficient. 

Total nozzle pressure-area integrated pitching 
moment . 

Total model pitching moment coefficient using 
pressure-area integrated nozzle pitching moment. 

Aircraft balance rolling moment coefficient 
transferred to Model Reference. 
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Meaaurand 


Descrlpt-ion 


CMMA 

CMNA 

CMMAS 

CNB 

CNBU 

. CNBL 

I 

CNFA 

CNSW 

I 

CNSWIB 

I 

I 

, CNSWOB 

I 

' CP (I) 

CPCAV 
CPMB 

' CYPA 

DDELC 

I 

DELALP 

DELCL 

DELCR 

DELNOZ 

FAA 


Aircraft Isalance pitching moment coefficient 
transferred to Model Reference. 

Aircraft balance yawing moment coefficient 
transferred to Model Reference. 

Seune as CMMA 

Total pressure-area integrated boattail normal 
force coefficient. 

Upper surface pressure-area integrated nozzle 
boattail normal force coefficient. 

Lower surface pressure-area integrated nozzle 
boattail normal force coefficient. 

Aircraft balance corrected normal force 
coefficient. 

Pressure-area integrated sidewall normal force 
coefficient. 


Inboard pressure-area integrated sidewall normal 
force coefficient. 

Outboard pressure-area integrated sidewall 
normal force coefficient. 

Pressure coefficient at tap I. 

Average cavity pressure coefficient. 

Boattail pitching moment coefficient. 

Aircraft balance corrected side force coefficient. 

Left hand minus right hand canard deflection 
angle, DEG. 

Nozzle deflection due to applied loads, DEG. 

Left hand canard deflection angle. 

Right hand canard deflection angle. 

Nozzle geometric deflection angle, DEG. 

Aircraft balcmce corrected axial force, LB. 
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Measurand 

FAA2P 

FNA 

PNA2P 

PRAM 

FSEALA 

FSEALN 

FYA 

FYA2P 

F2SEAL 

KAA1,2,3 

KST28-35 

M 

M2 

MLA2P 

MLAPP 

MLAP 

MMAP 

MMA2P 

MMAPP 

MNA2P 

MNAP 


Description 

Aircraft balance axial force corrected for weight 
tare, LB. 

Aircraft balance corrected normal force, LB. 

Aircraft balance normal force corrected for 
weight tare, LB. 

Ram drag, LB. 

Inlet duct seal axial force tare. 

Inlet duct seal normal force tare. 

Same as FYGA, LB. 

Seune as FYGA, LB. 

Con^ressor face stream thrust. 

Loads induced model deflection constants. 

Installation effects matrix. 

Tunnel Mach Number. 

Con^ressore face Mach Number. 

Aircraft balance rolling moment corrected for 
weight tare, IB-LB. 

Aircraft balance rolling moment transferred to 
Model Reference. 

Same as MLA2P, IN-LB. 

Aircraft balance corrected pitching moment, 

IN-LB. 

Aircraft balance pitching moment corrected for 
weight tare, IN-LB. 

Aircraft baleuice pitching moment transferred to 
Model Reference. 

Aircraft balance yawing moment correct for weight 
tare, IN-LB. 

Same as MNA2P, IN-LB. 



Measurand 


Description 


MNAPP 

MSEAL 

NAFSC 

NFS 

NPBU 

NFBL 

NFSW 

NFSWIB 

NFSWOB 

NSF 

P 

PMASC 

PMASCA 

PMASP 

PMB 

PMSW 

PO 

PT 

PTO 


Aircraft balance yawing moment transferred to 
Model Reference. 

Inlet duct seal pitching moment tare. 

Aircraft balance normal force strut cavity 
pressure correction, LB. 

Total pressure-area integrated boattail normal 
force , LB . 

Upper surface pressure-area integrated nozzle 
boattail normal force, LB. 

Lower surface pressure-area integrated nozzle 
boattail normal force, LB. 

Total pressure-area integrated sidewall normal 
force, LB. 

Inboard pressure-area integrated sidewall normal 
force, LB. 

Outboard pressure-area integrated sidewall 
normal force, LB. 

Nozzle skin friction, LB. 

Static pressure, PSFA 

Aircraft balance normal force contribution to 
pitching moment, strut cavity pressure 
correction , IN-LB . 

Aircraft balance axial force contribution to 
pitching moment, strut cavity pressure 
correction , IN-LB . 

Aircraft balance axial force contribution to 
pitching moment, seal pressure correction, 

IN-LB. 

Nozzle boattail pitching moment, IN-LB. 

Sidewall pitching moment, IN-LB. 

Static pressure, PSIA. 

Total pressure, PSFA. 

Total pressure, PSIA. 
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Measurand 

PTJLF 
PTJLFI ( I ) 
PT2KD 
P2C 
Q 

QO 

RE 

RPA 

RPMA(I) 

RPMN(I) 

RPM 

SPAN 

SW 

TARE? 

TARES 

TT 

TTR 

VO 

WAF 

X(I) 

X(2) 

XCAV 

XMTA 

XNTA 

ZCAV 

ZTA 


Descrip-tion 

Average nozzle total pressure, PSIA. 

Nozzle total pressure at probe I . 

Compressor face total pressure at probe I- 
Compressor face static pressure, PSIA. 

Tunnel dynamic pressure, PSF. 

Dynamic pressure, PSI. 

Tunnel Reynolds Number. 

Water line of model reference. 

Water line of pressure tap I. 

Fuselage station of pressure tap I . 

Fuselage station of model reference. 

Wing span. 

Wing reference area. 

Internal duct drag correction, LB. 

Body axis ram drag, LB. 

Tunnel total temperature, *F. 

Tunnel total ten^serature, *R. 

Freestream velocity, FT/SEC. 

Nozzle mass flow, LB/SEC. 

Nacelle length, IN. 

Nacelle plus nozzle length, IN. 

Moment arm for normal cavity force. 

Axial distance from balance center to model 
reference. 

Lateral distance from balance center to model 
reference. 

Moment arm for axial cavity force. 

Vertical distance from balance center to model 
reference. 
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DATA REDUCTION EQUATIONS 
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1.2c PSI 
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Pressure coefficients P(I.) 1.5 PSIA 
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sidewall pressure area integration QO 1.2c PS I 
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CDB = CDBU + CDBL 
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CDARONP = CDARON + CDNSP CMARCMJ 8.0c 

CDARONP 8.0d 


9.0 Aircraft: balance net loads corrected for 
model weight tares 
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Source Units 


u 

cn c .< < 

\ M h-l M 

f-» W W CO OD 
M CU CU CU 04 


u c 

E0 

"J3 < c/: 

\ f-4 (N \ 

CQ CO o:zffl 

i4 040 M»J 


< < < 

WJ W4 UJ 

es CO (0 cfl 

o 04 04 04 


CO 

04 


(0 ^^a)UEH0)43aM-i 

cno)o oooooocoo^o^o'oo 

^ H • •• 

• *o ooooo *oo *o *ooo 

rH H »H iH »H »H pH r- I iH CJ i-H iH iH iH ^ r-H iH 


U OC &4 <N 04 C4 

<t) O J 5-1 J £-♦ 

6^ 2e>^O04^Q4 

CU- - 


04 o: 04 


04 Cl 

Cl 4j c4 ChCN «< g-» J O 

s s 04 :s 


Cl o 
, ^ ^ CJ CM 

e-» ? 04 04 Z 04 

h* 

o« 


Cl 


0 


0) 

> 

3 

o 

o 



r- 

1 







4J 


4J 




CM 







(d 


(d 





s* 






fH 







CM 






2 



0 in 




• 



CM 



6 


•H 

04 • 


0^ 


0 



< 



•H 



CO 










CD 


<d 





+ 

H 







0 

04 CM 







Qi 



>1 








M 


e 



.ia 


c 






04 

M 






0 










*0 

0) 


£ 





M 





Q 4 







CM 

CM 



»o 

0 

3 



0 

> 


04 





•w 

X 




4 




04 

04 


Q 

> 





ro 


in w H 




Q 

0 

A 

0 

Eh 


C 

1 



0 W ^ 



X 

u 

01 

0 


QB 


t 


H| m 

iH 

04 



04 

3 

i-H 

0 I 

S-i 

CN 





DC 


0 



0) 



^10 



P 

It 

u 

It 

It 

-p 

u-i 


)l 

M 



Eh 





0) 


■ 




04 


< 

04 

Eh 

04 


s 




04 

II 



i4 

Kt: 


< 


(d 

if 



»4 


11 

•• 

D 

IS 

S 

IS 


u 





CM 


04 

X 


0 



(d 

G 

) 




CM 

4 < 

M 


»H 



O4 

> 

> 



04 

04 

X 

s 

CO 


04 



0 
1— 1 












04 

m 


A 

0 








0 

• 













0 














126 


P 2 C = PT 2/(1 + . 2 *M 2 



10.1 Inlet Duct Seal Correction 
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Model cavity tare corrections CPCAV 
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